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Introduction

At last RAN2 meeting in Sweden the concept of autonomous soft handover for MBMS was introduced [1]. In this document we summarize the proposal and address the main issues that were raised during that discussion. Finally, we propose a way forward on how to reach a decision on the subject.
Autonomous soft handover

The concept of autonomous soft handover is summarized below.

It has been shown [2] that R'99 FACH is not a very efficient for the delivery of MBMS content. The inefficiency of the R'99 FACH in delivering MBMS content is due to the fact that the FACH has to guarantee an acceptable QoS to UEs that are close to the cell border (soft handover regions)

If the UE could autonomously soft combine the content transmitted by two or more cells, the transmission power required to maintain the same QoS would be substantially reduced. A detailed analysis of the improvements is included in [3].
Impact of autonomous soft handover on UTRAN architecture

In order to allow for the implementation of autonomous soft handover in the UE, two basic conditions have to be verified:

1. Identical MBMS content transmitted in adjacent cells should be aligned within TBD chips
2. The UE should be informed of the MBMS content available in the neighbour cells

It should be possible to meet the first condition at least across the Node Bs controlled by a single CRNC, as outlined in the figure below.


Figure 1. MBMS UTRAN architecture

The CRNC could use existing NBAP procedures to determine the timing information of each Node B. Such procedures could provide a time accuracy in the order of a frame. A better accuracy is likely needed in order reduce the amount of buffering in the UE. These new procedure could align the MBMS content similarly to how it is done in R'99 for DPCH soft handover procedures. For R'99 UTRAN is required to time align the DPCH being transmitted by each cell within +/-148 chips [6]. It is conceivable that similar accuracies can be obtained in Rel-6 for the time alignment of MBMS content.
With the approach described in Figure 1 above, only the Iub interface could be affected. It is possible to envisage a UTRAN wide time alignment of the MBMS content, but that would require modifications to multiple interfaces. Therefore, such further optimizations should be likely considered for further study, e.g. for Rel-7 and beyond. If autonomous soft handover cannot be applied across RNC boundaries, the operator should take this into account by increasing the amount of power allocated to the MBMS content in the cells at the RNC boundaries.
The information that the UE needs in order to perform autonomous soft handover could be sent by the CRNC using the NCCH to all the UEs in the area controlled by the CRNC. Further details are described in the next section.

Signalling requirements to support autonomous soft handover
We describe in the following the signalling requirements that are needed in order to allow the autonomous soft handover in the UE.

Uu signalling requirements for autonomous soft handover
1. UTRAN will signal to all the UEs in a cell which MBMS content is available in neighbour cells

2. UTRAN will signal to all UEs in a cell the time relation between a particular MBMS content transmitted in the serving cell and the identical MBMS content transmitted in neighbour cells (e.g. at which SFN a particular block of content starts in the neighbour cells)
3. UTRAN will signal to all UEs in a cell any change in the time relation between a particular MBMS content transmitted in the serving cell and the identical MBMS content transmitted in neighbour cells

4. UTRAN will signal to all UEs in a cell the time relation between the timing difference between the P-CCPCH of the current cell and the P-CCPCH of a neighbouring cell. This is already possible in R'99 with a granularity of 40 chips and a maximum range of one frame. It should be considered if a smaller granularity (or a bigger range) is needed in order to support autonomous soft handover in the UE.
Major challenges of autonomous soft handover
Several issues have been raised during the previous RAN2 discussions on this subject [1]. It has been noted that some of the MBMS content will be localized, i.e. only one cell could transmit a particular traffic info content. In such cases UTRAN should handle the autonomous soft handover of MBMS content similarly to the regular R'99 soft handover. I.e. it should transmit that content in that cell and in all the neighbouring cells. If the MBMS content is not supposed to be received by users in those cells, it will simply not be advertised there. Transmitting the MBMS content in multiple cells even if it is relevant only to one cell may seem a waste of radio resources, but it is not really worse that the R'99 soft handover, where the content for a single user is transmitted over multiple cells.
It has also been noted that the buffering requirements in the UE would be prohibitive. This mostly arose form the misunderstanding that autonomous soft handover should be applied to MBMS content that is misaligned by one or more radio frames. As we stated above, detailed aspects like this one should be carefully studied before a decision can be made. As example, if we assume that the MBMS content will be aligned within +/-148 chips in transmission, the buffer requirement in the UE should take into account the +/-148 uncertainty due to the transmission, plus some margin due the uncertainty in the propagation delay and the drift in the Node B transmitter clock. It is conceivable that once these factors are taken into account, the UE requirements will not be much higher that for R'99 UEs. It should be noted that UTRAN should take care of the clock drift in the Node Bs, as explained in point 3 of the previous section. Anyhow, these issues should be analysed in details by RAN WG1.
Conclusions
The UTRAN architecture that would support autonomous soft handover in the reception of MBMS content has been described in this document. Also, signalling requirements needed for the implementation of autonomous soft handover in the UE are described.

The support for autonomous soft handover should be mandatory in Rel-6 UEs that declare support for MBMS. If it were an optional feature, UTRAN may not be able to take advantage of the capacity gains offered by it, because, if a single MBMS capable UE that does not support autonomous soft handover enters a cell, a full power channel would have to be allocated to MBMS in that cell, if that UE wanted to receive the MBMS content.

In order to reach a decision on the use of autonomous soft handover it is recommended to send a LS to RAN WG1 asking to evaluate this technique. RAN WG1 should be tasked to quantify the benefits, if any, in the use of the autonomous soft handover for the delivery of MBMS content and to analyze the feasibility of the technique in terms of buffer requirements. This would help RAN WG2 to make a decision on whether to consider autonomous soft handover in the UTRAN MBMS architecture, and whether to mandate the support of autonomous soft handover in all MBMS (Rel-6) capable UEs.
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